intention to adopt personalised nutrition. Higher trust in the local department of health care was associated with lower intention to adopt personalised nutrition. General practitioners were the most trusted of service regulators, except in Portugal, where consumer organisations and universities were most trusted. In all countries, family doctors were the most trusted information providers. Trust in the National Health Service as service regulator and information source showed high variability across countries. Despite its highest variability across countries, personal meeting was the preferred communication channel, except in Spain, where an automated internet service was preferred. General practitioners were the preferred service providers, except in Poland, where dietitians and nutritionists were preferred. The preference for dietitians and nutritionists as service providers highly varied across countries. Conclusion: These results may assist in informing local initiatives to encourage acceptance and adoption of country-specific tailored personalised nutrition services, therefore benefiting individual and public health. Abstract Background/Aims: Personalised nutrition has potential to revolutionise dietary health promotion if accepted by the general public. We studied trust and preferences regarding personalised nutrition services, how they influence intention to adopt these services, and cultural and social differences therein. Methods: A total of 9,381 participants were quota-sampled to be representative of each of 9 EU countries (Germany, Greece, Ireland, Poland, Portugal, Spain, the Netherlands, the UK, and Norway) and surveyed by a questionnaire assessing their intention to adopt personalised nutrition, trust in service regulators and information sources, and preferences for service providers and information channels. Results: Trust and preferences significantly predicted
Introduction
Personalised nutrition may be defined as nutritional advice based on individual information regarding diet and lifestyle, phenotypic characteristics and/or genetic characteristics [1, 2] . Nutritionists and dieticians have typically used (combinations of) information about sex, age, body mass index, nutritional intake, physical activity, and phenotypical characteristics to personalise nutritional advice [3] . However, genetic differences also have potential to define what constitutes an optimal, personalised diet for different individuals [4] [5] [6] [7] . A greater degree of personalisation can be achieved with analysis of an individual's genotype and phenotype with which diets may interact and co-determine the risk of diet-related diseases [8, 9] . Nutrition delivery services and practitioners are beginning to access and use this type of information [10] .
There is an emerging body of literature indicating that the level of consumer adoption of gene-based personalised nutrition services will vary between individuals [11] [12] [13] [14] [15] . Various socio-demographic, contextual, clinical, personality and/or psychological end-user characteristics (e.g., health commitment, health locus of control, nutrition self-efficacy) have been shown to predict the extent to which individuals are likely to adopt personalised nutrition [14, [16] [17] [18] .
A potentially influential determinant of acceptance is trust in personalised nutrition service providers and in information sources. This has been established in relation to acceptance of different novel food technologies [19, 20] . The extent to which trust influences the acceptance of personalised nutrition based on genomics, however, is less well understood, and may be related to the referred end-user characteristics. The acceptance of personalised nutrition depends on the degree of trust information about data protection and/or health benefits and in those providing this information. Trust in information has been shown to be a determinant of food technology acceptance in previous research [21] [22] [23] .
Trust in control and regulation will determine the extent to which potential end-users trust those who are delivering the service. Transferring personal data, ensuring data are not misused, interpreting data and generating relevant personalised nutrition advice based on such data is a complex process that cannot be fully controlled by the end-user and which may influence whether or not they adopt the service. These issues may become especially important where potential end-users have little experience with an innovation, in which case they tend to rely more on other influential individuals (e.g., regulators and service providers) to protect their interests [22] . This implies that for the acceptance and adoption of personalised nutrition, trust in regulatory institutions and service providers is required [23] [24] [25] [26] [27] .
Consumers' trust towards food information is higher when it is disseminated by public or social institutions than by private bodies [28] . Trust in regulators and providers to deliver a safe and effective service has emerged as a central issue for the acceptance and adoption of personalised nutrition [14, 16, 21] . In the case of personalised nutrition services, trust in providers to protect data was considered important in choosing a service provider and not all personalised nutrition service providers are equally trusted [14] . Participants were more confident in services provided by health professionals [16, 29] . The presence of a "named individual," preferably a fully qualified health professional, served as a cue that the provider was trustworthy [14] .
In order to adopt personalised nutrition, there is evidence that end-users have to be confident about the security-related efficacy of the communication channels [14] . Some end-users may, for instance, be concerned about the extent to which online communication lacks security for transmitting and storing phenotypic or genetic data. Some end-users remain cautious about the extent to which they may trust the accuracy and credibility of online health information [30, 31] . Hence, there may be individual differences in preference for communication channels used to convey information about personalised nutrition and these preferences may be driven by the perception of trust.
End-users from different socio-demographic groups may differ in the extent to which they trust service providers, regulators, and online delivery of information. Therefore, preferences for how, and by whom, personalised nutrition services should be provided may differ between countries and cultural contexts, even when regulations in these countries are very similar, or regulation is centralised across a region. The European Union (EU) provides an excellent opportunity to explore this further, as member countries share a common regulatory regime regarding food safety standards and implementation ("The European Food Law"; http://ec.europa.eu/food/food/foodlaw/index_en.htm), while public trust in the regulatory systems differs across countries, including at the regional level [32] . For instance, research on trust in information sources about fish [33] has revealed socio-demographic differences.
The current paper aims to study trust and preferences regarding personalised nutrition service providers, regulators, information sources, and information channels, and to understand how they influence the intention to adopt personalised nutrition services. It also studies how cultural and social differences between individuals in different EU countries may influence intention through differences in trust. This knowledge may assist in informing local initiatives to encourage acceptance and adoption of country-specific tailored personalised nutrition services and, therefore, benefit individual and public health.
Therefore, and in order to explore how service characteristics may influence the intention to adopt personalised nutrition, the objectives of this paper are: (a) to assess socio-demographic differences (country, sex, age, and education) in trust in personalised nutrition service regulators, trust in personalised nutrition information providers, preferences for personalised nutrition communication channels, and preferences for personalised nutrition service providers and (b) to study the influence of trust in personalised nutrition service regulators, trust in personalised nutrition information providers, preferences for personalised nutrition communication channels, and preferences for personalised nutrition service providers on their intention to adopt personalised nutrition services.
Methods

Participants and Procedure
Ethical approval was granted by the lead academic institution. A survey was conducted across 9 EU countries: Germany, Greece, Ireland, Poland, Portugal, Spain, the Netherlands, the UK, and Norway. A total of 9,381 participants were quota-sampled to be nationally representative for each country in terms of sex, age group (18-29, 30-39, 40-54 , and 55-65 years) and education level (highest level of education completed based on International Standard Classification of Education levels: ISCED 0-2, ISCED 3 or 4, and ISCED 5 or 6). Table 1 summarises the sample characteristics by country (see also [17] , in which the same sample was used). Participants were drawn from an existing panel of a social research agency (GfK), and additional research agencies were subcontracted by the primary agency to supplement panels where needed. A total of 29,450 individuals were contacted, being the overall response rate 31.9%. Data were collected in February and March 2013, using an on-line survey. After reading an introductory text, participants provided informed consent prior to completing the questionnaire.
Questionnaire Development
The details of questionnaire development and piloting are provided by Poínhos et al. [17] . At the beginning of the questionnaire, a definition of personalised nutrition was provided, as follows: "We would like to draw your attention to the definition of personalised nutrition which is healthy eating advice that is tailored to suit an individual based on their own personal health status, diet, physical activity and/or genetics." The questionnaire was pretested using face-to-face interviews in the UK ( n = 16) to determine question comprehension and the amount of time needed to complete the questionnaire. After pretesting, the questionnaire was refined and piloted online in the UK ( n = 50) and Portugal ( n = 50), using Survey Monkey (http://www.surveymonkey.com). After the pilots, minor changes to question order were made to mitigate framing effects, and some items specifically developed for this survey were reworded where needed. The questionnaire was then translated into the native languages of each of the countries involved in the study. Translations were checked by back-translation to ensure equivalence across countries.
The variables, items and response scales included in the current study are presented in Table 2 . Most items were informed by the results of prior focus group studies [14] . Intention to adopt personalised nutrition services was measured with three items based on Ajzen [34] adapted for intentions for future behaviour [35, 36] . 
Data Analysis
All statistical analyses were performed in IBM SPSS 21.0 for Windows; p values below 0.05 were interpreted as statistically significant. To have at least some practical purpose, the relevance of explained variances below 1% was considered to be negligible [37, 38] , and therefore the interpretation of results will not focus on those values. Intention to adopt personalised nutrition showed high reliability (Cronbach's alpha = 0.922), allowing to use the sum of the items as single indicator for intention. A linear regression model was estimated to predict intention to take up personalised nutrition based on trust in personalised nutrition service regulators and personalised nutrition information providers, and preferences for personalised nutrition communication channels and personalised nutrition service providers. This analysis was performed using all 32 items included as independent variables, and with intention to take up personalised nutrition (sum of the 3 items) as the dependent variable. Multicollinearity was checked using variance inflation factor, which showed acceptable values (below 5) for all independent variables. Repeated-measures ANOVA was used to study socio-demographic (i.e., country, sex, age group, and education level) differences in each of 4 groups of variables: (1) trust in regulators, (2) trust in information sources, (3) preferences for communication channel, and (4) preferences for service providers. Significant and non-negligible differences were further investigated using simple effects analysis. 
Results
The 32 trust and preference items significantly predicted intention to adopt personalised nutrition ( F 32,9348 = 72.401, p < 0.001, adjusted R 2 = 0.196). Based on the standardised regression coefficients, the strongest predictors of intention to adopt personalised nutrition were greater trust in dietitians/nutritionists as service providers, the European Commission as service regulator, online personalised nutrition companies as information source on personalised nutrition and email contacts from named people as communication channel. Higher trust in the local department of health care was associated with significantly lower intention to adopt personalised nutrition (see Table 3 for a full overview of coefficients).
Repeated-measures ANOVA showed several significant effects of socio-demographics, service providers, and information sources ( Tables 4 , 5 ), but most effect sizes were negligible (partial η 2 < 0.01). Between-subject country effects were higher for communication channels (partial η 2 = 0.052) and service providers (partial η 2 = 0.042) than for service regulators (partial η 2 = 0.013) or information providers (partial η 2 = 0.018); the effect of age for communication channels was also non-negligible (partial η 2 = 0.015). Relevant source within-subject effects were found for all 4 groups of variables (partial η 2 between 0.118 and 0.297), as well as source × country interactions (partial η 2 between 0.015 and 0.036). Given the overall aim and objectives of our study, driven by the fact that the items on preference in communication channels and service providers are in part mutually exclusive and do not constitute constructs, there is only minimal value in interpreting the overall effects of country, sex or age group on these preferences. Country, sex and age main effects, therefore, were analysed only for trust in service regulators and information providers.
Spanish and German participants showed the highest mean level of trust across personalised nutrition service regulators, followed by Dutch, Norwegian, Irish, Portuguese, UK, Polish and Greek participants ( Table 6 ). For overall trust in information provision, negligible effect sizes indicated that Spain showed the highest mean trust, followed by Portugal, Ireland, Germany, the Netherlands, the UK, Poland, Norway, and Greece.
Regarding sex and age group, although there were significant main effects on the overall trust measures, females (vs. males) had a higher overall level of trust in information providers, and younger (vs. older) participants had higher overall trust in regulators and information providers. The effect sizes, however, were negligible (partial η 2 < 0.01). Table 7 presents the observed means for preferences towards each actor, or communication channel per country, as well as homogeneous subsets of actors or communication channels (per country; Tukey HSD) and countries (per item; Sidak). Table 4 .
Country × Source
Between-subject effects on trust in and preferences for personalised nutrition sources 
Trust in Regulation
General practitioners (GPs) were the most trusted potential regulators in most countries, except for Portugal, where consumer organisations and universities were most trusted. Among Greek and Norwegian participants, the preference for universities (Greece) and consumer organisations (Norway) was not significantly lower than for GPs. Trust in the department of health/National Health Service and health insurance companies varied most across countries. The department of health was most trusted in Norway and in the UK, and least trusted in Greece. Germans trusted health insurance companies most as consumer protection sources, whereas Greek, Polish and Portuguese participants indicated the lowest level of trust in this source.
Trust in Information Provider
In all countries, family doctors were the most trusted information providers. In some countries, some other information providers did not significantly differ from family doctors: the National Health Service (Germany and Poland), dietitians/nutritionists (Norway and Poland), and friends and family (Poland) . Similarly to what was found for consumer protection, trust in National Health Services as an information source showed high variability, being the highest rated in Germany and the lowest in the Netherlands.
Preference for Communication Channel
Personal meeting was the most preferred communication channel in most countries. Among German participants, the preference for this communication channel was not significantly different from an email contact from a named person. Spain was the only country in which the preferred communication channel was an automated internet service. Despite the overall preference towards personal meetings, this communication channel showed the highest variability across countries.
Preference for Service Provider
As for service providers, dietitians and nutritionists were the source for which preference varied most across countries. Germans preferred these professionals least, while Greek participants showed the highest level of preference for them. Moreover, dietitians and nutritionists were the preferred service providers in Poland, whereas in all other countries participants preferred family doctors/GPs.
Discussion
This study implies that consumer trust in, and preference for, personalised nutrition services represent a significant and relevant predictor of their intention to adopt these services. The regression model indicated that sources of information, service providers and regulators, and communication channels together predicted about one fifth of the variance of the behavioural intention. This is in line with prior research showing that trust in different services and their features predicts intention to adopt various technologies [16, [22] [23] [24] [25] [26] [27] , and highlights the relevance of this study.
Socio-demographic differences have been found for trust in information sources about food-related issues [33] . In our study, trust in the National Health Service as a service regulator and information provider, and in dietitians and nutritionists as service providers were those which most varied between countries. This might be explained by health inequalities between countries in both health epidemiology and health service characteristics [39, 40] . The importance of trust as a predictor for the intention to adopt personalised nutrition services and the relevant country differences suggest that tailoring regulation, information provision, service provider, and communication channel to fit local preference may be a worthwhile effort. For example, while in many countries a personal meeting appears the only viable option, in Spain email contact may be sufficient. Also, research has suggested that trust in both information and service providers is shaped by historical and cultural experiences, in particular in the agrifood sector where there has been a For each item, means that share the same letter are not significantly different from one another. Homogeneous subsets of countries (per construct; Tukey HSD) are presented with lowercase letters within square brackets, e.g., " [a, b] ." Homogeneous subsets are indicated alphabetically starting at the ones with lowest means. long history of food scares [32, 41] . Nevertheless, our overall results are in line with those indicating higher consumers' trust on public than private institutions [28] . Despite greater preference for personal meetings in order to receive personalised nutrition advice, this communication channel was the one with the highest intercountry variability. However, among communication channels, the strongest predictor of intention to adopt personalised nutrition was email contacts from named people, such as the family doctor. Prior findings suggest that online personalised nutrition companies, based on email contacts instead of personal meetings, are preferred by some groups owing to the anonymity and convenience associated with these features [14, 16, 29, 42] .
That high trust in national health care was associated with low intention to adopt personalised nutrition was unexpected. An explanation may be that some of the benefits from potential personalised nutrition users are not "classical" health issues (such as disease prevention or treatment), but also focus on prevention, fitness, and quality of life [14, 42] . High trust in the department of health may therefore be related to an individual's health motivation to follow the classical health perspective, which would be based on trust in health care departments but go against the adoption of non-traditional personalised nutrition services. On the other hand, individuals who focused on issues traditionally not covered by national health services may be more likely to adopt personalised nutrition. Some people may assume that their health services currently do not support personalised nutrition, and/or that the currently advocated approaches are sufficient.
Country differences in trust and preferences were larger than those of other socio-demographic factors (sex, age, and education), suggesting that country-specific cultural factors could be more relevant than socio-demographics. This again may depend on how regulators have been perceived to handle food scares in a particular country or region in the past [43] . Spanish and German participants showed the highest mean trust across personalised nutrition service regulators, followed by Dutch, Norwegian, Irish, Portuguese, UK, Polish and Greek participants. For overall trust in information provision, negligible effect sizes indicated that Spain showed the highest mean trust, followed by Portugal, Ireland, Germany, the Netherlands, the UK, Poland, Norway, and Greece. These between-country differences may contribute to the possible explanations presented for the relation between high trust in national health services and low intention to adopt personalised nutrition.
There may be a disconnection between self-reported behavioural measures and adoption of specific consumer behaviours. At a very general level, this has been exemplified by the differences in self-reported consumer behaviours expressed by citizens, and associated consumer behaviours, across a wide range of agrifood issues [44] . It is therefore possible that trust in information and trust in societal entities are not good indicators of consumer behaviour. Other constructs and variables, such as willingness to pay for a personalised nutrition services, appear to offer different interpretations of behavioural intention to adopt [45] . The most reliable indicator will be the actual adoption of personalised nutrition services, and in the future research might validate proxy measures such as social trust, trust in information sources, or willingness to pay, against actual behaviour.
Some limitations must be considered, namely the compliance rate (31.9%), which may somewhat constrain the generalisation of results. Besides the large sample size, quota sampling used to achieve national representativeness decreases any potential bias because of this limitation. Nevertheless, potential sampling bias should be taken into account, as for example regarding country variations in the participants' level of education.
Another possible limitation is that, because personalised nutrition will have been a relatively unfamiliar service with which the general public will have had little or no direct experience, some of the trust and preferences' results may not have been specific to personalised nutrition. This lack of direct experience may contribute to the apparent similarity of these results with those found for other services. For instance, our results on socio-demographic differences in preferences and trust in service characteristics are in line with several studies, indicating a consumer preference for the provision of such services to be based on the existing health systems. The different levels of preference and trust for different services is possibly due to the trust consumers' have on well-known institutions and professional groups [46] [47] [48] , especially regarding innovative services, such as personalised nutrition [22] . Overall, participants from the countries included in the research preferred family doctors/GPs as information and service providers, as well as regulators, and personal meetings was the preferred communication channel.
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